Speed-Accuracy Tradeoffs in Spatial Orientation Information Processing by Robert E. Schlegel & William F. Storm
PROCEEDINGS of the HUMAN FACTORS SOCIETY-27th ANNUAL MEETING--1983 
SPEED-ACCURACY TRADEOFFS IN 
SPATIAL ORIENTATION INFORMATION PROCESSING 
Robert E. Schlegel 
School of Industrial Engineering 
University of Oklahopa 
Norman, Oklahoma 
Nilliam F. Storm 
USAF School of Aerospace Medicine 
Brooks AFB, Texas 
ASSTRRCT 
A study was conducted to further evaluate the Manikin Task, a test 
of spatial orientation information processing. The objectives of the 
study were to determine the speed vs. accuracy tradeoff .characteristics 
of the task and to assess performance on the task under the influence of 
ethyl alcohol. Response times and accuracy were measured on five subjects 
over a five-week weriod. Analysis of the data indicated a definite de- 
cline in accuracy corresponding to a forced decrease in response time. 
The effect of alcohol was evidenced by a change in the slope of the 
speed-accuracy tradeoff function. 
INTRODUCTION 
An important element of many mili- 
tarv and industrial tasks is the human 
ability to perform spatial orientation 
information processing. Yith respect to 
the task of piloting high-performance 
jet aircraft, spatial disorientation has 
consistently been cited as the cause of 
numerous accidents throuqhout the histo- 
ry o f  fliqht (Kirkham, 1 9 7 8 ) .  It is vi- 
tallv important, therefore, that the pi- 
lot and crew members maintain their 
ahility to differentiate right vs. left 
and un vs. down based on available visu- 
al cues while under severe conditions of 
disorientation and exposure to various 
tvpes of stressors. 
A complex reac'cion time test known 
as the Manikin Task was develoned by the 
Royal Air Force Institute of Aviation 
Medicine as a test of spatial orienta- 
tion capability (Benson and Gedye, 
1963). The task is a visual performance 
activity in which a sequence of human 
figures (manikins) in various orienta- 
tions is presented on a CRT screen. The 
orientation categories consist of 
front-erect, front-inverted, back-erect 
and back-inverted. 
For each presentation, the subject 
is reauired to identify in which hand 
(left or riqht) the manikin holds a par- 
ticular shape (circle or square) identi- 
cal to one presented below the figure. 
To achieve this, the subject Tn.ust men- 
tallv rotate the finure and discriminate 
the riaht side from the left. The ori- 
qinal task employed 35 mm slides in 
nresentincr the orientation series. Im- 
nroved. versions have been developed us- 
ing computer generated CRT displays. 
The Manikin Task has been shown to 
satisfy many 'of the criteria necessary 
to be considered a useful laboratory 
measure. In particular: 
1. subjects can learn the task within 4 
to 10 training sessions, each of 30 
minutes duration: 
2. the rate of acquisition of plateau 
performance is independent o f  the train- 
ina schedule, occupational level and age 
of the subject; 
3. the task has a high level of dif- 
ferential stahility, i.e., individual 
performance remains essentially constant 
over time (Reader et al. , 1981). 
In addition, the task has been shown to 
be sensitive to mild hypoxia (Benel and 
Storm, 1981) but insensitive to chanoes 
in head temperature under hyperthermic 
conditions (Nunneley, Reader snd Mal- 
donado, 1982). 
The objectives of the current 
study were: 
1. to neasure the speed vs. accuracy 
tradeoff characteristics of the task and 
2. to assess performance on the task 
under the influence of ethyl alcohol. 
SPEED-ACCURACY TRADEOFFS 
Vith respect to m.any psychomotor 
tasks, it has been proposed that the in- 
consistency of previous results concern- 
ina the effects of alcohol on reaction 
t h e  (RT) may be related to possible 
tradeoffs between speed and accuracy 
(Jenninus et al, 1976). In the majori- 
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t y  of  in format ion  ?recessing s t u d i e s  i n  
which RT i s  used a s  t h e  primary cri-  
t e r i o n ,  s u b j e c t s  a r e  u s u a l l y  encouraged 
t o  resDond " a s  r a p i d l y  and a c c u r a t e l y  a s  
p o s s i b l e . "  The RT and e r r o r  r a t e  va lues  
t h u s  r e p r e s e n t  an unpred ic t ab le  comprom- 
ise between t h e  incompat ib le  demands for 
maximum accuracy and minimup EIT. Th i s  
comDromise i s  a func t ion  of s e v e r a l  
v a r i a b l e s  i n c l u d i n g  t h e  a c t u a l  expe r i -  
mental  condi t ior l s  under i n v e s t i g a t i o n .  
I t  is  t h e r e f o r e  d i f f i c u l t  t o  d e r i v e  any 
v a l i d  conclus ions  i n  s i t u a t i o n s  where 
t h e  change i n  s u b j e c t  c r i t e r i a  i s  n o t  
i d e n t i f i e d  and measured. 
Seve ra l  r e s e a r c h e r s  have suqqes ted  
t h a t  t h e  s o l u t i o n  t o  t h e s e  problems i s  
t o  u t i l i z e  t h e  comvlete t r a d e o f f  func- 
t i o n  a s  a measure of in format ion  pro- 
c e s s i n q  oerformance i n  which chanqes i n  
b i a s  f o r  speel! and accuracy can be 
d i r e c t l y  a s ses sed .  This  apvroach a l lows  
one t o  d i s t i n a u i s h  a s h i f t  i n  t h e  
s u b j e c t ' s  speed-accuracy c r i t e r i a  from a 
P o s s i b l y  more s i g n i f i c a n t  change i n  pro- 
oes s inu  e f f i c i e n c y  indepen?.ent of a 
s h i f t  i n  c r i t e r i a .  P rocess ing  e f f i c i e n -  
cy d i f f e r e n c e s  can be  e a s i l y  i d e n t i f i e d  
by chanues i n  e i t h e r  t h e  s l o p e  o r  RT i n -  
t e r c e p t  of t h e  t r a d e o f f  func t ion .  
Th i s  procedure  has  been employed 
i n  a t  l e a s t  two s t u d i e s  e v a l u a t i n g  t h e  
e f f e c t s  of a l c o h o l  on speed-accuracy 
t r a d e o f f s .  I n  an experiment  by Jennings  
e t  a l .  (1976) ,  f i v e  l e v e l s  of a l c o h o l  
were examined ranging  from 0.00  t o  1.33 
ml/kq of body weight .  I n c r e a s i n a  doses  
of a l c o h o l  produced a p rogres s ive  de- 
crease i n  t h e  s l o p e  parameter  of  l i n e a r  
equa t ions  f i t  t o  t h e  s.peed-accuracy 
d a t a ,  b u t  d i d  n o t  s i u n i f i c a n t l y  a l t e r  
t h e  i n t e r c e p t s  of t h e  f u n c t i o n s  wi th  t h e  
liT a x i s .  Thus, a l c o h o l  reduced t h e  wer- 
formance e f f i c i e n c y  by dec reas inq  t h e  
r a t e  of growth of accuracy pe r  u n i t  
t i m e .  S i m i l a r  r e s u l t s  w e r e  ob ta ined  i n  
a s tudy  hv Rundel l  and ?7il l iarns ( 1 9 7 9 )  
who examined a l c o h o l  l e v e l s  from 0.0 t o  
l.O/g/kg o f  body weight .  
I n  both  s t u d i e s ,  d e a d l i n e  condi- 
t i o n s  w e r e  used t o  f o r c e  s u b j e c t s  t o  
respond w i t h i n  va r ious  t i m e  l i m i t s .  The 
t i m e  l i m i t s  w e r e  s e l e c t e d  t o  provide  ac- 
c u r a c i e s  ranging  from chance l e v e l s  t o  
near  p e r f e c t i o n .  These procedures  have 
t h e  e f f e c t  o f  a l t e r i n g  t h e  workload 
demand such t h a t  t h e  s h o r t e r  t i m e  l i m i t s  
c r e a t e  extreme t ime-s t r e s sed  cond i t ions .  
A s i m i l a r  approach was employed i n  t h e  
c u r r e n t  s tudy  t o  gene ra t e  t h e  d a t a  f o r  
comDuting speed-accuracy t r a d e o f f  func- 
t i o n s  f o r  t h e  Manikin Task. Data was 
c o l l e c t e d  f o r  bo th  b a s e l i n e  and a l c o h o l  
cond i t ions .  
EXPERIVENTAL ".IETHODOLOGY 
Sub jec t s  
F ive  male s u b j e c t s ,  ages  1 8  t o  4 9 ,  
n a r t i c i p a t e d  i n  t h e  s tudy .  A l l  s u b j e c t s  
were r ight-handed wi th  normal ( 2 0 / 2 0  
c o r r e c t e d )  v i s i o n  and w e r e  l i g h t  t o  
moderate s o c i a l  d r i n k e r s .  Each s u b j e c t  
performed t h e  t a s k  under both  b a s e l i n e  
and a l c o h o l  cond i t ions .  The experimen- 
t a l  Drotocol  was aDproved by t h e  Human 
U s e  Committee and t h e  vo lun ta ry  informed 
consent  o f  t h e  s u b j e c t s  was ob ta ined  i n  
accordance wi th  AFR 169-3. 
Task 
Each s u b j e c t  was i n s t r u c t e d  t o  ob- 
s e r v e  a 25 c m  CRT d i s p l a y  ( D i g i t a l  
Equinment Model VR17LC) l o c a t e d  1 meter 
i n  f r o n t  of him (approximately 15O visu-  
a l  a n g l e ) .  For each s t imu lus  p re sen ta -  
t i o n ,  t h e  s u b j e c t  was t o  menta l ly  
r e o r i e n t  t h e  manikin and dec ide  i n  which 
hand t h e  manikin he ld  a shape i d e n t i c a l  
t o  t h e  shape d i sp layed  a t  t h e  bottom of 
t h e  screen .  A response  was r e g i s t e r e d  
by p r e s s i n q  e i t h e r  t h e  r i g h t  o r  l e f t  
b u t t o n  on a s u b j e c t  pane l ,  always us ing  
t h e  san?e f i n g e r  of  t h e  r i g h t  hand. 
React ion t i n e  was measured from t h e  i n i -  
t i a l  p r e s e n t a t i o n  of t h e  s t imu lus  u n t i l  
t h e  s u b j e c t ' s  resnonse  and recorded  
a long  wi th  t h e  accuracy of t h e  response.  
Procedure 
The i n v e s t i g a t i o n  c o n s i s t e d  of i n -  
i t i a l  t r a i n i n g  s e s s i o n s ,  t e s t i n g  ses- 
s i o n s  t o  d e r i v e  t h e  speed-accuracy 
t r a d e o f f  func t ion  under b a s e l i n e  condi- 
t i o n s  and. t e s t i n g  s e s s i o n s  employing a l -  
cohol .  
Tra in ing .  I n  t h e  i n i t i a l  t r a i n i n g  
s e s s i o n s ,  each  manikin remained on t h e  
sc reen  f o r  2 seconds wi th  a 1-second 
pause between p r e s e n t a t i o n s .  A series 
of 96 manikins was p re sen ted  i n  a random 
sequence fol lowed by 2 minutes  of rest. 
Four sequences were grouped t o  form a 
s i n g l e  t e s t i n q  s e s s i o n  l a s t i n g  approxi-  
mately 25 minutes.  A l l  s u b j e c t s  p a r t i -  
c i p a t e d  i n  a minimum of  7 t r a i n i n g  ses- 
s i o n s .  
Base l ine .  Following t r a i n i n g ,  t h e  
amount of  t i m e  t h a t  t h e  manikin remained 
on t h e  s c r e e n  was reduced t o  l e v e l s  
ranging  from 400 t o  1 0 0 0  m s e c .  The 
pause between p r e s e n t a t i o n s  was in -  
c r eased  accord ingly  t o  main ta in  a 2- 
second i n t e r v a l  between t h e  s ta r t  of 
success ive  p r e s e n t a t i o n s .  A l l  o t h e r  
v a r i a b l e s  remained t h e  s a m e  a s  du r ing  
t h e  t r a i n i n g  s e s s i o n s .  Sub jec t s  w e r e  
i n s t r u c t e d  t o  respond "at  o r  be fo re  t h e  
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i n s t a n t  t h e  manikin l eaves  t h e  screen ."  
This  c rovided  t h e  dead l ine  c o n d i t i o n s  
e s s e n t i a l  f o r  measurinq s u b j e c t  werfor- 
mance ove r  a wide ranue of  speed. and er- 
r o r  r a t e s .  
Alcohol.  I n  a d d i t i o n  t o  t h e  base- 
l i n e  c o n d i t i o n ,  a s i n s l e  a.lcohol dose 
consis t incr  of 0.5 t o  0.75 qrams of vure  
a l coho l  per ki loqram of body weiqht  w a s  
adminis te red  t o  each s u b j e c t .  The ac tu -  
a l  dose devended on t h e  body comvosi t ion 
of t h e  i n d i v i d u a l  s u b j e c t  and w a s  t h e  
c a l c u l a t e d  dose r e q c i r e d  t o  r a i s e  t h e  
s u b j e c t ' s  blood a l c o h o l  concen t r a t ion  
(RAC) t o  a l e v e l  of 0.08%. Sub jec t s  
were i n s t r u c t e d  n o t  50 consuve a l c o h o l i c  
beveraaes  on t h e  evening b e f o r e  t h e  
t e s t i n g  t r i a l .  Tes t ing  s e s s i o n s  w e r e  
conducted i n  t h e  morning Dr io r  t o  t h e  
c o n s u m t i o n  of any food o r  d r i n k  o t h e r  
t han  water .  
The e q u i v a l e n t  volume of  86 proof  
bourbon was combined wi th  water i n  t h e  
r a t i o  of  two p a r t s  water  t o  one p a r t  a l -  
cohol.  Sub jec t s  were al lowed 15 minutes  
t o  consume t h e  beverage. Following con- 
sumption, blood a l c o h o l  l e v e l s  w e r e  i n -  
d i r e c t l v  m.easurec? us ing  an  I n t o x i l v z e r ,  
Yod.el P o l l  a lcohol - in-brea th  tester 
vanufac tured  by CMI Incorpora ted .  
Tes t ing  was i n i t i a t e d  apwroximate- 
ly 30 v- inutes  a f t e r  consumntion of  t h e  
a l coho l .  To s u s t a i n  peak BAC l e v e l s ,  a 
maintenance dose of  0.05 g/kg of body 
weiqht  was ad ln in is te red  every  20  
minutes.  Following t h e  exper imenta l  
t a s k ,  t h e  s u b j e c t  was monitored u n t i l  
h i s  BAC was a t  o r  below 0.005% and w a s  
then  released. .  
T r i a l  Sequence. Each s u b j e c t  en- 
t e r e d  t h e  l a b o r a t o r v  i n  t h e  e a r l y  morn- 
i n g  and performed t h r e e  b a s e l i n e  t e s t i n g  
s e s s i o n s ,  one each  under t h e  1 0 0 0 ,  700 
and 400 msec d e a d l i n e  cond i t ions .  The 
s u b j e c t  was then  weighed and t h e  av- 
p r o p r i a t e  a l c o h o l  dose was c a l c u l a t e d .  
Alcohol was adminis te red  and s u f f i c i e n t  
t i m e  e l apsed  f o r  t h e  s u b j e c t  t o  a t t a i n  
t h e  d e s i r e d  SAC l e v e l .  The s u b j e c t  t hen  
performed t h r e e  a d d i t i o n a l  t e s t i n g  ses- 
s i o n s ,  aga in  a t  1 0 0 0 ,  700 and. 4 0 0  m.sec. 
RESULTS 
Tra in ing  
q i t h  r e s p e c t  t o  t r a i n i n g ,  it was 
ev iden t  t h a t  a l l  s u b j e c t s  a t t a i n e d  s t a -  
b i l i z e d  performance wi th in  t h e  f i r s t  
seven s e s s i o n s  wi th  some s u b j e c t s  re- 
q u i r i n g  only  f o u r  t o  f i v e  s e s s i o n s .  I t  
was also e v i d e n t  t h a t  w i thou t  t h e  dead- 
l i n e s ,  h i a h  accuracy r a t e s  (95 t o  99 
Dercent  c o r r e c t )  w e r e  a t ta inec?  even dur-  
i n g  t h e  i n i t i a l  s t a g e s  of t r a i n i n g .  A 
prev ious ly  d iscovered  dependency of  
r e a c t i o n  t i m e s  on s p e c i f i c  manikin 
o r i e n t a t i o n s  was a l s o  confirmed i n  t h e  
? r e s e n t  s tudy .  
Deadl ines  
The dead l ine  Grocedures used t o  
gene ra t e  t h e  t r a d e o f f  func t ions  success-  
f u l l y  9roduced a s h F f t  i n  accuracy and 
r e a c t i o n  t i m e .  Mean va lues  f o r  t h e s e  
v a r i a b l e s  a r e  given i n  Table  1 f o r  both 
t h e  b a s e l i n e  and. a l c o h o l  cond i t ions .  
For t h e  1 0 0 0  and 700 m s e c  dead l ines ,  
s u b j e c t s  were a b l e  t o  c o n s i s t e n t l y  b e a t  
t h e  dead l ine .  This  could n o t  be accom- 
p l i s h e d  f o r  t h e  400  Insec dead l ine  where 
t h e  s u b j e c t s  responded a f u l l  t e n t h  of 
a seconc? l a t e  on t h e  average.  
S i n n i f i c a n t  d e c l i n e s  i n  accuracy 
accov-nanied t h e  reduced r e a c t i o n  t i m e s  
f o rced  by t h e  s h o r t e r  dead l ines  f o r  both 
t h e  b a s e l i n e  and a l c o h o l  cond i t ions .  
S t a t i s t i c a l  a n a l y s i s  i n d i c a t e d  t h a t  a l l  
t h r e e  dead l ines  produced s i g n i f i c a n t l y  
d i f f e r e n t  (p  < 0.05) l e v e l s  of  accuracy 
a s  measured by t h e  nercentage  of  c o r r e c t  
responses .  F igu re  1 shows t h e  mean ac- 
curacy  l e v e l s  f o r  each  dead l ine .  Under 
b a s e l i n e  c o n d i t i o n s ,  t h e  percentage  
c o r r e c t  dropped from 98% a t  1000  m s e c  t o  
93% a t  700  m s e c  fol lowed by a sha rp  de- 
c l i n e  t o  68% a t  400 m s e c .  
Alcohol 
With r e s p e c t  t o  t h e  a l c o h o l  
e v a l u a t i o n ,  t h e  a d m i n i s t r a t i o n  pro- 
cedures  were s u c c e s s f u l  i n  gene ra t ing  
t h e  d e s i r e d  BAC l e v e l s .  I n  a d d i t i o n ,  a 
sveed-accuracy t r a d e o f f  s h i f t  appeared 
t o  occur .  Examination of t h e  r e a c t i o n  
times i n d i c a t e d  minimal d i f f e r e n c e  
between t h e  b a s e l i n e  and a l c o h o l  condi- 
t i o n s .  The a n a l y s i s  of  va r i ance  a l s o  
showed no s igni fLCant  d i f f e r e n c e  i n  
r e a c t i o n  t i m e s .  
However, t h e r e  w e r e  s t a t i s t i c a l l y  
s i u n i f i c a n t  d i f f e r e n c e s  i n  accuracy lev-  
els.  The mean Dercent  c o r r e c t  v a r i e d  
from 89% f o r  t h e  1 0 0 0  m s e c  d e a d l i n e  t o  
77% a t  700 nsec  t o  54% a t  4 0 0  msec. 
These a r e  s i g n i f i c a n t l y  d i f f e r e n t  from 
t h e  a c c u r a c i e s  under t h e  b a s e l i n e  condi- 
t i o n .  This  can a l s o  be seen  i n  F igu re  1. 
A P l o t  of pe rcen t  c o r r e c t  vs .  
r e a c t i o n  t i m e  i s  Dresented i n  F i a u r e  2. 
Each p o i n t  r e p r e s e n t s  a s i n g l e  t e s t i n g  
ner iod .  A s imvle l e a s t - s q u a r e s  l i n e a r  
r e g r e s s i o n  r e v e a l s  a d i s t i n c t  d i f f e r e n c e  
i n  s love  between t h e  b a s e l i n e  and a l -  
cohol  cond i t ions .  
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Table  1. Xean Accura.cv and Reac t ion  T i m e s  f o r  Var ious  D e a d l i n e s  
Under B a s e l i n e  and Alcohol  C o n d i t i o n s  
Deadl ine  Accuracv ?.ea.ction T i n e  4ccuracy R e a c t i o n  T i m e  
( m . s e c )  ( %  correct)  ( m s e c )  ( %  c o r r e c t )  (msec) 
1 0 0 0  98% 652 89% 693 
700 9 3% 605 77% 598 
CONCLUSIONS 
The r e s u l t s  o f  t h e  s t u d v  mav be 
summarized as f o l l o w s :  
1. It i s  w o s s i h l e  t o  q e n e r a t e  speed-  
a c c u r a c y  t r a d e o f f  f u n c t i o n s  f o r  t h e  
Manikin Task, t h u s  ver i fv incr  t h a t  t h e  
t a s k  i s  s e n s i t i v e  t o  workload demands. 
2.  The slooe of  t h e  t r a d e o f f  f u n c t i o n  i s  
i n f l u e n c e d  bv t h e  p r e s e n c e  of  a l c o h o l .  
F u r t h e r  a n a l y s i s  of t h e  d a t a  i s  
c u r r e n t l y  b e i n q  Derformed. An e v a l u a -  
t i o n  i s  b e i n g  made of a l t e r n a t i v e  accu- 
r a c v  measures  i n v o l v i n s  v a r i o u s  
t r a n s f o r m a t i o n s  of t h e  D r o o o r t i o n  
c o r r e c t .  A d d i t i o n a l  work i s  a l s o  b e i n q  
performed t o  ver i fy  t h a t  t h e  t a s k  i s  a 
v a l i d  measure of  t h e  s p a t i a l  o r i e n t a t i o n  
n r o c e s s .  
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